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7KHHIIHFWRI7L2QDQRSDUWLFOHVRQ3(68)PHPEUDQHIRXOLQJLQZDWHURLOVHSUDWLRQ
$(VPDLOL/LYDUL$$URXMDOLDQ$5DLVL0)DWKL]DGHKHWDO
$PLUNDELU8QLYHUVLW\RI7HFKQRORJ\,UDQ
0HPEUDQH VHSDUDWLRQV DUH SRZHUIXO WRROV IRU YDULRXV DSSOLFDWLRQV LQFOXGLQJ ZDVWHZDWHU
WUHDWPHQWDQG WKHUHPRYDORIFRQWDPLQDQWV IURPGULQNLQJZDWHU ,Q UHILQHULHVFKHPLFDOSODQWV
HOHFWULFSRZHUSODQWVDQGPDQ\RWKHULQGXVWULDOIDFLOLWLHVWKHVHSDUDWLRQRIYDULRXVRLODQGZDWHU
PL[WXUHV FDQ FDXVH SUREOHPV ,Q WKLV ZRUN ZDWHURLO VHSUDWLRQ EHFDXVH RI LWV LPSRUWDQFH LQ
LQGXVWULDOZRUNVZDVLQYHVWLJDWHG
7KHSHUIRUPDQFHRIPHPEUDQHV LVPDLQO\ OLPLWHGE\PDWHULDOSURSHUWLHV5HFHQWO\VXFFHVVIXO
DWWHPSWV KDYH EHHQ PDGH WR DGG QDQRSDUWLFOHV WR SRO\PHUV LQ PHPEUDQH V\QWKHVLV ZLWK
SDUWLFOH VL]HV UDQJLQJ IURP  QP XS WR  QP ,Q WKLV VWXG\ 7KH 7L23(6 FRPSRVLWH
XOWUDILOWUDWLRQ PHPEUDQHV ZHUH SUHSDUHG YLD SKDVH LQYHUVLRQ PHWKRG E\ DGGLQJ 7L2
QDQRSDUWLFOHV LQ 3(6 FDVWLQJ VROXWLRQV &DVWLQJ VROXWLRQV FRQVLVWLQJ RI 3(6 '0$& DQG
GLIIHUHQWFRQFHQWUDWLRQRI7L2QDQRSDUWLFOHVDQGZWZHUHSUHSDUHGLQWKHSUHVHQFH
RI 393 DV SRUH IRUPHU DW  ZW FRQVWDQW FRQFHQWUDWLRQ E\ PHFKDQLFDO VWLUUHU DQG URRP
WHPSHUDWXUH7KHFRPSRVLWLRQVRIFDVWLQJVROXWLRQDUHVKRZQLQ7DEOH
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
7KHPRUSKRORJLHVRIWKHVXUIDFHVDQGWKHFURVVVHFWLRQVRIWKHPHPEUDQHVZHUHH[DPLQHGE\
DVFDQQLQJHOHFWURQPLFURVFRSH&URVVVHFWLRQVZHUHSUHSDUHGE\IUDFWXULQJWKHPHPEUDQHVLQ
OLTXLG QLWURJHQ $OO VSHFLPHQV ZHUH IUHH]HGULHG DQG FRDWHG ZLWK D WKLQ OD\HU RI JROG EHIRUH
REVHUYDWLRQ

,QRUGHUWRGHWHUPLQHPHPEUDQHVXUIDFHSRURVLW\PHPEUDQHVZHUHLPPHUVHGLQGLVWLOOHGZDWHU
0HPEUDQHLQZHWVWDWHZDVZHLJKHGDIWHUFDUHIXOO\ZLSLQJWKHVXUIDFH7KLVZHWPHPEUDQHZDV
GULHG LQ DQ RYHQ IRU  K 7KHQ PHPEUDQH LV ZHLJKHG DJDLQ LQ GU\ VWDWH 7KH PHPEUDQH
VXUIDFHSRURVLW\ZDVFDOFXODWHGXVLQJWKH
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
3RURVLW\ 
:KHUH LVZHLJKWRIZHWPHPEUDQHVJ LVZHLJKWRIGU\PHPEUDQHVJ LVGHQVLW\RI
SXUHZDWHUDWURRPWHPSHUDWXUHJFPDQG9LVYROXPHRIPHPEUDQHLQZHWVWDWHFP7KH
UHVXOWV IURP SRURVLW\ FDOFXODWLRQ RI PHPEUDQHV LQGLFDWH WKDW WKH SRURVLW\ RI WKH PHPEUDQH
LQFUHDVHVDQGWKHQGHFOLQHVZLWKWKHLQFUHDVHRI7L2FRQWHQW
7DEOH
SRURVLW\RIWKH3(67L2FRPSRVLWHXOWUDILOWUDWLRQPHPEUDQHV
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7KHFRQWDFWDQJOHPHDVXUHPHQWVIRU3(6DQG7L2 3(6PHPEUDQHVDUHVKRZQ LQ7DEOH
7KHWDEOHLQGLFDWHVWKDWWKHFRQWDFWDQJOHZKLFKLVDJRRGFULWHULRQIRUHYDOXDWLRQRIPHPEUDQH
K\GURSKLOLFLW\GHFUHDVHVZLWKLQFUHPHQWRI7L2FRQFHQWUDWLRQ

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


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&RQWDFWDQJOHRI3(6DQG7L23(6PHPEUDQHV

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
7KHPHFKDQLFDO SURSHUWLHV RI WKH FRPSRVLWH PHPEUDQHV ZHUH FKDUDFWHUL]HG E\ WHQVLOH 7KH
REVHUYDWLRQV LQGLFDWHG WKDW WKH PHFKDQLFDO SURSHUWLHV RI WKH FRPSRVLWH PHPEUDQHV SUHSDUH
ZLWKDGGLWLRQRI7L2
$OVR SHUPHDWLRQ SHUIRUPDQFH DQG IRXOLQJ SURSHUWLHV ZHUH LQYHVWLJDWHG E\  SSP RI
RLOZDWHU7KHHIIHFWRI7L2QDQRSDUWLFOHRQSXUHZDWHUIOX[DQGZDWHURLOIOX[ZDVLQYHVWLJDWHG
7KH7L2FRQFHQWUDWLRQVLQWKHFDVWLQJVROXWLRQZHUHLQFUHDVHGIURPWRZW7KHSXUHZDWHU
IOX[RIPHPEUDQHLQFUHDVHGIURPWRNJPKZLWKDGGLWLRQRIZW7L2LQWKHFDVWLQJ
VROXWLRQ DQG WKHQ GHFOLQHG IURP  WR  NJPK ZLWK KLJKHU DGGLWLRQ RI 7L2 )RU ZDWHURLO
IHHGIOX[RIPHPEUDQHILUVWO\LQFUHDVHGIURPWRNJPKZLWKDGGLWLRQRIZW7L2DQG
DIWHUWKDWGHFUHDVHG
7KXVWKHSHUPHDWLRQSURSHUWLHVRIWKHFRPSRVLWHPHPEUDQHVZHUHVLJQLILFDQWO\VXSHULRUWRWKH
SXUH 3(6PHPEUDQH %DVHG RQ WKH DQWLIRXOLQJ SHUIRUPDQFH LQYHVWLJDWLRQ LW ZDV IRXQG WKDW
PHPEUDQHVZLWKWKHDGGLWLRQRI7L2ZHUHH[FHOOHQWLQGHFOLQLQJIRXOLQJ

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